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Abstract   9 
Aspects of the molecular structure of the mineral dorfmanite Na2(PO3OH)·2H2O were 10 
determined by Raman spectroscopy.  The mineral originated from the Kedykverpakhk Mt., 11 
Lovozero, Kola Peninsula, Russia. Raman bands are assigned to the hydrogen phosphate 12 
units.  The intense Raman band at 949 cm-1 and the less intense band at 866 cm-1 are assigned 13 
to the PO3 and POH stretching vibrations.   Bands at 991, 1066 and 1141 cm-1 are assigned to 14 
the ν3 antisymmetric stretching modes.  Raman bands at 393, 413 and 448 cm-1 and 514, 541 15 
and 570 cm-1 are attributed to the ν2 and ν4 bending modes of the HPO4 units, respectively.  16 
Raman bands at 3373, 3443 and 3492 cm-1 are assigned to water stretching vibrations.  POH 17 
stretching vibrations are identified by bands at 2904, 3080 and 3134 cm-1.  Raman 18 
spectroscopy has proven very useful for the study of the structure of the mineral dorfmanite. 19 
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Introduction 25 
Phosphates are commonly found in environmental situations.  Many minerals are formed in 26 
caves through the reaction of bat guano and calcite. Minerals containing hydrogen phosphate 27 
anions PO3OH are often formed in caves.  The mineral stercorite H(NH4)Na(PO4)·4H2O is 28 
formed in the Petrogale Cave, Madura, Eucla, Western Australia.  Brushite CaHPO4·2H2O 29 
has been found in the Jenolan Caves, New South Wales, Australia. Other minerals found in 30 
the Petrogale cave include aphthitalite (K,Na)3Na(SO4)2, halite NaCl, syngenite 31 
(K,Na)3Na(SO4)2, stercorite H(NH4)Na(PO4)·4H2O, oxammite (NH4)2(C2O4)·H2O, weddellite 32 
Ca(C2O4)·2H2O, whitlockite Ca9Mg(PO4)6(HPO4), guanine C5H5N5O, newberyite 33 
Mg(HPO4)·3H2O and calcite CaCO3.  The mineral dorfmanite is a disodium hydrogen 34 
phosphate dihydrate Na2(PO3OH)·2H2O [1].  It is highly likely that the mineral dorfmanite is 35 
found in caves. 36 
 37 
Dorfmanite is found in drill cores of  alkalic pegmatites in differentiated alkalic massifs, as an 38 
alteration product of lomonosovite and nacaphite (Kola Peninsula, Russia) and in sodalite 39 
xenoliths associated with an intrusive alkalic gabbro-syenite complex (Mont Saint-Hilaire, 40 
Canada).  Dorfmanite is orthorhombic and consists of white to translucent powdery 41 
aggregates with large individual particles [2-4]. The crystal structure has been determined 42 
although aspects of the crystal structure such as the point group and space group are not 43 
known or have not yet been determined [5].  Dorfmanite is the dihydrate.  The mineral 44 
catalanoite Na2(PO3OH)·8H2O [2] contains 8 water molecules and the mineral nahpoite 45 
Na2(PO3OH) [6, 7] is the anhydrous mineral.  There have been some studies of the equilibria 46 
between dorfmanite and nahpoite [6] especially under reduced pressure.  It is likely that 47 
different minerals may form depending upon the water vapour pressure.  The mineral 48 
dorfmanite and related minerals are probably formed from the decomposition of the mineral 49 
marićite NaFe2+PO4 [6].    50 
 51 
The vibrational spectra of phosphate minerals has been published by S. D. Ross in Farmer’s 52 
treatise Chapter 17 [8].  The Table 17.III reports the band positions of a wide range of 53 
phosphates and arsenates [8].  The band positions for the monohydrogen phosphate anion of 54 
disodium hydrogen phosphate dihydrate is given as ν1 at 820 and 866 cm-1, ν2 at around 460 55 
cm-1, ν3 as 953, 993, 1055, 1070, 1120 and 1135 cm-1, ν4 at 520, 539, 558, 575 cm-1. The 56 
POH unit has vibrations associated with the OH specie.  The stretching vibration of the POH 57 
units was tabulated as 2430 and 2870 cm-1, and bending modes at 766 and 1256 cm-1.  Water 58 
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stretching vibrations were found at 3050 and 3350 cm-1. The position of the bands for the 59 
disodium hydrogen phosphate is very dependent on the waters of hydration. There have been 60 
several Raman spectroscopic studies of the monosodium dihydrogen phosphate chemicals [9-61 
13]. However, there are no Raman spectroscopic studies on disodium hydrogen phosphate 62 
compounds, especially natural minerals.  In this paper we describe and assign bands to the 63 
Raman spectrum of dorfmanite.  64 
 65 
Raman spectroscopy has proven very useful for the study of minerals [14-21].  Indeed, 66 
Raman spectroscopy has proven most useful for the study of diagenetically related minerals 67 
as often occurs with minerals containing phosphate groups [17, 22].  This paper is a part of 68 
systematic studies of vibrational spectra of minerals of secondary origin in the oxide 69 
supergene zone. In this work, we attribute bands at various wavenumbers to vibrational 70 
modes of dorfmanite using Raman spectroscopy and relate the spectra to the structure of the 71 
mineral. 72 
 73 
Experimental 74 
 75 
Minerals 76 
The mineral dorfmanite was supplied by The Mineralogical Research Company.  Details of 77 
the mineral have been published [1].  The mineral originated from the Kedykverpakhk Mt., 78 
Lovozero, Kola Peninsula, Russia.  According to Anthony et al. the mineral has been found 79 
in several other places such as in Greenland and Canada.   80 
 81 
Raman spectroscopy 82 
 83 
Crystals of dorfmanite were placed on a polished metal surface on the stage of an Olympus 84 
BHSM microscope, which is equipped with 10x, 20x, and 50x objectives. The microscope is 85 
part of a Renishaw 1000 Raman microscope system, which also includes a monochromator, a 86 
filter system and a CCD detector (1024 pixels). The Raman spectra were excited by a 87 
Spectra-Physics model 127 He-Ne laser producing highly polarised light at 633 nm and 88 
collected at a nominal resolution of 2 cm-1 and a precision of ± 1 cm-1 in the range between 89 
100 and 4000 cm-1. Repeated acquisition on the crystals using the highest magnification (50x) 90 
was accumulated to improve the signal to noise ratio in the spectra. Spectra were calibrated 91 
using the 520.5 cm-1 line of a silicon wafer.   92 
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 93 
Band component analysis was undertaken using the Jandel ‘Peakfit’ (Erkrath, Germany) 94 
software package which enabled the type of fitting function to be selected and allowed 95 
specific parameters to be fixed or varied accordingly. Band fitting was done using a Lorentz-96 
Gauss cross-product function with the minimum number of component bands used for the 97 
fitting process. The Lorentz-Gauss ratio was maintained at values greater than 0.7 and fitting 98 
was undertaken until reproducible results were obtained with squared correlations ( r2) 99 
greater than 0.995.  Band fitting of the spectra is quite reliable providing there is some band 100 
separation or changes in the spectral profile.   101 
 102 
Results and discussion 103 
 104 
The mineral dorfmanite contains hydrogen phosphate and water units in the structure.  Thus, 105 
the vibrational spectrum will be composed of bands assignable to these units. The hydrogen 106 
phosphate will have two sets of bands according to the HO-P- moiety and to the –PO3 107 
moiety.  Another mineral that has hydrogen phosphate units is brushite CaHPO4·2H2O. The 108 
Raman and infrared spectrum of dorfmanite across the full wavenumber range is shown in 109 
Figures 1a and 1b respectively. The Raman spectrum of dorfmanite in the 800 to 1200 cm-1 110 
region is displayed in Figure 2a.  The infrared spectrum is shown ion Figure 2b. By far the 111 
most intense band in the Raman spectrum is at 949 cm-1.  This band is assigned to the ν1 112 
symmetric stretching mode of the –PO3 moiety. A previous study assigned this band to the ν3 113 
antisymmetric stretching mode (Ross in Farmer [8]). The band at 866 cm-1 is assigned to the 114 
ν1 symmetric stretching mode of the HO-PO3 units.  The position of this band is in excellent 115 
agreement with published data [8].  The Raman bands at 991, 1066 and 1141 cm-1 are 116 
assigned to the ν3 antisymmetric stretching modes. Ross [8] reported ν3 antisymmetric 117 
stretching modes at 993, 1055, 1070, 1120 and 1135 cm-1.  The spectrum reported in this 118 
work is a less complex spectrum.  A comparison may be made with the Raman spectrum of 119 
brushite. The most intense Raman band for brushite occurs at 985 cm-1 and is assigned to the 120 
ν1 symmetric stretching mode of the –PO3 moiety.  A Raman band for brushite is found at 121 
872 cm-1 and is assigned to the PO symmetric stretching mode of the HO-P- specie. The ν3 122 
antisymmetric stretching modes of brushite were found at 1000 and 1055 cm-1.   123 
 124 
The infrared spectrum of dorfmanite shows greater complexity than the infrared spectrum. 125 
This complexity is due to the different phosphate anions which include monohydrogen 126 
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phosphate and dihydrogen phosphate, as well as the phosphate anion.  The infrared band at 127 
993 cm-1 is assigned to the ν1 PO43- symmetric stretching vibration; the band at 954 cm-1 is 128 
attributed to the ν1 H2OPO3- symmetric stretching vibration; the band at 865 cm-1 is assigned 129 
to the ν1 HOPO32- symmetric stretching vibration.  The bands at 1060, 1082, 1122, 1138 and 130 
1261 cm-1 are assigned to the ν3 antisymmetric vibration of the PO43-, HOPO32- and H2OPO3- 131 
anions.   132 
 133 
The Raman spectrum of dorfmanite in the 350 to 600 cm-1 region is reported in Figure 3. This 134 
spectral region is where the phosphate bending modes are found.   Two sets of bands are 135 
found. The first set includes Raman bands at 514, 541 and 570 cm-1.  These bands are 136 
attributed to the ν4 bending modes. Again the spectrum is less complex than that reported by 137 
Ross [8].  The second set of bands is observed at 393, 413 and 448 cm-1.  These bands are 138 
assigned to the ν2 bending modes. Ross did not report any bands in this position, but bands in 139 
this spectral region were tabulated for the anhydrous disodium hydrogen phosphate.  For 140 
brushite, Raman bands were located at 498, 519 and 576 cm-1.  These bands are attributed to 141 
the ν4 bending modes of the HOPO32- units.  It is not possible to obtain the infrared bands 142 
below around 550 cm-1 using our techniques as the ATR cell absorbs the spectrum. Only a 143 
single band for brushite was observed at 411 cm-1 and was assigned to the ν2 bending modes 144 
of the HOPO32- units. A series of Raman bands are observed in the far low wavenumber 145 
region.  Raman bands are observed at 141, 154, 168, 182, 193, 204, 233 and 288 cm-1. Bands 146 
in this spectral region are not normally tabulated in databases. These bands are simply 147 
described as lattice modes.  148 
 149 
The Raman spectrum of dorfmanite in the 2800 to 3600 cm-1 region is shown in Figure 5a.  150 
The infrared spectrum over the 2550 to 3600 cm-1 region is displayed in Figure 5b.  Raman 151 
bands are observed in two spectral regions; firstly at 2904, 3080, 3134 cm-1 and secondly at 152 
3373, 3443 and 3492 cm-1.  Our spectrum in this part of the spectral region of dorfmanite 153 
differs from that published [8].  One possible assignment is that all bands are attributable to 154 
water stretching vibrations.  Thus there are water molecules in different environments. The 155 
water molecules have different hydrogen bond strengths. The bands at 3373 and 3443 cm-1 156 
are due to weakly hydrogen bonded water; whereas the Raman bands at 3080 and 3134 cm-1 157 
are due to strongly hydrogen bonded water. Hence, the band at 3373 cm-1 is attributed to the 158 
water symmetric stretching vibration and the band at 3443 cm-1 to the antisymmetric 159 
vibration.  A shoulder band is observed at 3492 cm-1.  It is suggested that this band is due to 160 
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water molecules in a different environment. The band at 2904 cm-1 may be assigned to the 161 
POH stretching vibration. In the infrared spectrum, bands are observed at 3075, 3128, 3372 162 
and 3443 cm-1.  The infrared bands match the Raman bands in position.  Again these infrared 163 
bands are due to water molecules with differing hydrogen bond strength.  There are two sets 164 
of bands due to two water molecules in different environments. No Raman bands were 165 
observed at 2430 and 2870 cm-1 as reported by Ross [8]. These bands were probably 166 
determined by infrared spectroscopy and as such the bands may be infrared active but Raman 167 
inactive.  Ross also reported bands at 766 and 1256 cm-1 which were attributed to the out-of-168 
plane and in-plane bending vibrations. These bands were also not observed in the Raman 169 
spectrum of dorfmanite.  The infrared spectrum of dorfmanite in the water bending region is 170 
shown in Figure 6.  The intense band at 1694 cm-1 supports the concept of strongly hydrogen 171 
bonded water in the dorfmanite structure.  172 
 173 
CONCLUSIONS 174 
Many minerals are formed in caves through the reaction of chemicals resulting from bat 175 
guano and calcite. There are a number of minerals containing phosphates including stercorite, 176 
newberyite, brushite and dorfmanite. The Raman spectrum of dorfmanite is characterised by 177 
bands associated with hydrogen phosphate units.  Bands are attributed to HOPO32- stretching 178 
and bending vibrations.  A comparison is made with the Raman spectrum of brushite 179 
CaHPO4·2H2O.   180 
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